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GOALS AND OBJECTIVES

The Mobile Offshore Base (MOB) program was tasked with addressing the feasibility of building large
floating structures, with scales of order a kilometer, that would serve as forward supply and staging
facilities in support of remote naval operations. An important design issue for a structure of this size is
the coherence of the forcing by long-period ocean waves. The study reported here is a component of
the MOB program aimed at developing an improved understanding of the along-crest coherence and
group statistics of long period waves. The specific objectives of this work are to provide:

statistics of crest lengths and “runs” of high waves
estimates of the array covariance <n(x,y,t)n(0,0,0)>
software for time-frequency analysis of wave measurements
software for the time-frequency synthesis of wave fields.

APPROACH

We investigated these issues using data collected by one of the co-PIs using an extended 14-element
array, and a compact 6-element array of capacitance wavestaffs deployed from a tower in a large lake
(Donelan et al., 1986, 2000). The fetch at this site varied from 1 to roughly 300 km, thus providing a
wide range of wave development. Our proposed analysis was based on the “Wavelet Decomposition
Method” (WDM) of Donelan et al. (1996), which permits the identification of individual waves of a
given scale and direction passing through the array at each instant of time.




RESULTS

[1] The estimator proposed by Donelan ez al. (1996) is based on the assumption that the directional
spread of individual wavetrains is much smaller that the statistical spread of the wave field as a whole,
and that only a single wavetrain (which itself may be composed of waves of many scales) is incident on
the array at any instant. We have relaxed this constraint to permit several wavetrains to be present at
once. The new estimator reduces to that of Donelan et al. (1996) for a single wave and infinite signal-
to-noise ratio. Applying it to data suggests that their assumption is satisfied roughly 90% of the time.

[2] We have studied “crest lengths” (i.e. the along-crest correlation of high waves) in two ways. In the
first, we use both the WDM and conventional Fourier transform techniques to estimate the temporally-
averaged lateral correlation of the waves. A typical example using data from the large 14-element
array is given in Figure 1. In the second approach we introduce a model of the lateral crest profile,
which we take to be approximately Gaussian, so that

ny=me P,
where the waves are assumed to be propagating in the x-direction, and the parameter B is a measure of
the lateral sharpness of the crest. Wavelet decomposition was applied to data from the compact array
(Donelan et al., 2000) in order to identify the propagation directions of packets of waves, and assess
their crest lengths by comparison of observed amplitudes across the propagation direction. Figure 2
shows that the dependence of B on the mean wavenumber of the crests in various frequency bands is
approximately linear. In this case = 0.55 k, and therefore the total average width of the crests to the
half amplitude point is about half the wavelength. We were not successful in applying this approach to
the extended array because of its sparseness. “

Run = 7635612, U = 11.7m/s Crest length vs Wavenumber for Run 157 (short fetch)
1 4 T T " T T
r 2 ® .
0 &
9F ¥ ”.
§ 35 e *
[X:18 3 - e
X E e ’
o7 o x « 3} B =055k g
° e 4 T
5 3 ¥
q 06 ki L
‘g ) 5 25} .7
05 8 .7
E: ¥ £ <
£ 04 q 2 * 1
- QL e
2 7 -7
03 2 $ .7
O1.5F e
L ° & ¥
02 x 00, g .
01 X« & 1 * * 1
0 2 L a s " s ' " . y
0 0.2 04 06 08 1 12 1.4 16 1.8 2 05 L 4 " L s
separation/wavelength ! 2 3 4 8 & 7
average wavenumber k [m™]
Figure 1. Lateral correlation function computed using Figure 2. Dependence of the lateral crest shape parameter

wavelets (0) and Fourier transform techniques (x) for data  on the wavenumber of the waves for a case of wind waves
from the 14-gage array. The center frequency was 0.35Hz.  at short fetch using data from the compact array.
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